Solid organ transplantation (SOT) is the preferred treatment for an expanding range of conditions whose successful therapy has produced a growing population of chronically immunosuppressed patients with potential neurological problems. While the spectrum of neurological complications varies with the type of organ transplanted, the indication for the procedure, and the intensity of long-term required immunosuppression, major neurological complications occur with all SOT types. The second part of this 2-part article on transplantation neurology reviews central and peripheral nervous system problems associated with SOT with clinical and neuroimaging examples from the authors' institutional experience. Particular emphasis is given to conditions acquired from the donated organ or tissue, problems specific to types of organs transplanted and drug therapy-related complications likely to be encountered by hospitalists. Neurologically important syndromes such as immune reconstitution inflammatory syndrome (IRIS), posterior reversible encephalopathy syndrome (PRES), and posttransplantation lymphoproliferative disorder (PTLD) are readdressed in the context of SOT.
Procedures and Terminology
Solid organ transplantation (SOT) refers to the receipt of an entire organ such as heart, lung, liver, pancreas, or kidney from tissue-matched deceased donors or to receipt of kidney or partial liver or intestinal tissue from a recipient-related or matched unrelated living donor.
Potential Problems Common to all SOT Recipients
SOT patients received 28 535 heart, lung, liver, kidney, pancreas, or small intestine transplantations in 2011 in the United States. 1 Approximately one-third of SOT patients will experience a neurological complication. 2 Neurological complications common to all SOT not caused by transplanted organ failure are frequently attributable to immunosuppressive regimens. Common neurological complications are seizures, central nervous system (CNS) infections, encephalopathy, and stroke. 2, 3 Few neurologic complications occur exclusively in a specific transplant population, but both in the early days and throughout their posttransplantation course, recipients of different tissues and organs have predictably varied complication patterns. For example, hematopoietic stem cell transplantation (HCT) is more frequently done for malignancy than is SOT, and posttransplantation HCT patients may be more acutely ill more often pancytopenic and at greater long-term risk of disease recurrence. [2] [3] [4] Among SOT recipients, liver transplant recipients, particularly those with fulminant hepatic failure and coagulopathy, have the most serious medical problems at the time of their transplant with concomitantly more early complications. 3 Months to years after SOT, complication profiles reflect the degree and duration of immunosuppression necessary to prevent rejection. Thus, heart and intestinal/pancreas recipients, the most heavily chronically immunosuppressed groups, are most prone to late infectious complications.
3 Table 1 provides a framework for consultation by contrasting neurological complications encountered at various intervals after SOT with the somewhat different diagnostic issues confronted by neurologists evaluating HCT patients.
Encephalopathy
Pretransplant cognitive dysfunction is present in many patients, particularly those with end-stage renal disease or liver failure for whom severity of hepatic encephalopathy is a criterion for organ transplantation. 4 Acknowledging that algorithms are hazardous when applied to complicated patients with multiple medical problems, we provide in Table 2 a general consultative scheme to evaluate encephalopathy in an SOT recipient. After physical examination, investigation usually includes early neuroimaging, preferably magnetic resonance imaging (MRI) with gadolinium contrast, if glomerular filtration rate exceeds 30 mL/min. The MRI may be normal or nonspecifically abnormal in many metabolic encephalopathies, but other encephalopathies show characteristic abnormalities that may guide clinical weighting of potential causes of altered mental status. 5 For example, hyperammonemic encephalopathy produces signal change in the insular and cingulate cortices with relative sparing of the perirolandic and occipital cortices ( Figure 1A and B). 6 In addition, unusual severity of a presumed drug adverse effect such as severe tremor on tacrolimus may be explained by antecedent structural changes revealed by MRI. An example is illustrated in Figure 1C and D in a patient with preexisting liver failure-related globus pallidus abnormalities.
Posterior Reversible Encephalopathy Syndrome
A special subcategory of encephalopathy in organ transplant recipients is posterior reversible encephalopathy syndrome (PRES) or reversible posterior leukoencephalopathy syndrome (RPLS). In part I of this review, a detailed discussion of PRES is accompanied by common and atypical MRI examples. The condition usually presents with a combination of headache, confusion, seizures, and blood pressure elevation. The MRI classically shows posterior hemisphere predominant abnormalities consistent with vasogenic edema. Rare biopsies of this condition (done because of diagnostic uncertainty with atypical MRI, persistent seizure activity, or concern for infection) have revealed white matter edema without evidence of infarction or fibrinoid necrosis. 7 Thus, the pathophysiology is distinct from that of malignant hypertension and some studies suggest that vascular endothelial growth factor activation plays a pathogenic role. 8 While PRES is often reversible, it can be associated with stroke and recurrent seizures. Figure 2 illustrates what might be called PRES plus in a liver transplant recipient whose PRES was complicated by vasculopathy and stroke. When PRES develops during treatment with either tacrolimus or cyclosporine, it is reasonable to substitute the alternative calcineurin inhibitor or sirolimus, everolimus, or mycophenolate.
Infections
Donor organs. In addition to community-acquired infections or nosocomial complications such as intravenous line infections or ventilator-associated pulmonary infection, SOT patients are at risk for infections associated with the donor organ. Four fatal cases of human-to-human rabies transmission via liver, kidney, and arterial allograft occurred after all had received tissue from a single donor. The door's death was attributed to subarachnoid hemorrhage with ballistic movements caused by cocaine. 9 Donor-transmitted lymphocytic choriomeningitis virus (LCMV), West Nile virus (WNV), and amebic (Balamuthia mandrillaris) encephalitis have also been reported ( Figure 3) . [10] [11] [12] [13] [14] Cryptococcosis can be transmitted by organ donation in which case it may be found in unusual locations near the transplanted organ site. 15, 16 Failure to suspect infection in donors with premorbid encephalitic symptoms led to death of most immunosuppressed recipients. Subarachnoid hemorrhage or acute disseminated encephalomyelitis were frequent donor misdiagnoses, emphasizing the critical need for neurological diagnostic input in assessing donor as well as recipient medical histories. Serologic screening standards for allograft donors are not uniform and antibody-based assays may be negative early after initial infection (in the so-called window period). For this reason, donor screening by nucleic acid-based testing (polymerase chain reaction [PCR]) may be more accurate during acute infection. 17 Consideration of the geographic origin Drug regimen and infection risk. Several medicines administered for induction therapy, infection prophylaxis, and rejection treatment are associated with special profiles of infection risk. Alemtuzumab, a humanized monoclonal antibody against the CD-52 glycoprotein on both B and T lymphocytes and natural killer cells, is associated with increased risk of invasive fungal infections when given to treat allograft rejection and less frequently when it is part of the induction regimen. 19, 20 Mycophenolate mofetil (MMF) or low-dose rituximab induction therapy both increase the risk of cytomegalovirus (CMV) reactivation. [21] [22] [23] Patients remain at risk for opportunistic infections for years after their SOT. It is in this latter period that progressive multifocal leukoencephalopathy (PML) remains a relevant concern. PML has been reported 10 years post orthotopic liver transplantation (OLT). 24 In a large case series from 4 academic medical centers, the median time to development of first PML symptoms was longer in SOT versus HCT transplants (27 vs 11 months) and median survival was shorter among SOT recipients (6.4 months vs 19.5 months in HCT recipients). 25 A special risk factor in SOT recipients appears to be conversion from cyclosporine or tacrolimus to mycophenolate mofetil. [26] [27] [28] Cryptococcus neoformans. Despite advances in antimicrobial prophylaxis in SOT, the incidence of cryptococcosis has remained unchanged over the past 20 years, with an overall incidence of 2.8% and CNS involvement in 53% to 72% of these. 29, 30 Overall mortality in the modern era remains 15% to 20%. 31 Patients with end-stage liver disease are at particular risk even before transplantation due to impaired cell-mediated immunity, and the prognosis in this patient group is particularly poor. Guidelines for fungicidal therapy when CNS involvement is present call for a lipid formulation of amphotericin-B and 5-flucytosine. 32 The timing of transplantation with respect to treatment of preexisting cryptococcosis remains problematic. Posttransplant it is suggested that organ rejection be prevented with a regimen of tacrolimus or cyclosporine due to demonstrated in vitro activity of the calcineurin inhibitor class of drugs against cryptoccocus. 33, 34 Avoiding both alemtuzumab and antithymocyte globulin due to their association with increased risk of cryptococcosis is advisable. 35 
Immune Reconstitution Inflammatory Syndrome (IRIS) in SOT
Cryptococcal infection discussed above serves as the prototype of the general problem of balancing infection control and inflammatory response in SOT recipients. On first consideration, reduction of immunosuppression in transplant recipients with opportunistic infections would seem a logical strategy. However, rapid reduction of immunosuppression in conjunction with antifungal or other antimicrobial therapy may lead to a dangerous proinflammatory response. While contributing to infection control, the inflammation may be detrimental to the host and may predispose to allograft rejection. First recognized in the HIV population during highly active antiretroviral therapy (HAART), IRIS is defined as a deterioration in clinical status due to an intense inflammatory response resulting from recovery of the immune system. 35 It is being recognized with increasing frequency in HCT and SOT transplant recipients after reduction in immunosuppressive therapy often simultaneously with treatment for an opportunistic infection. 36, 37 Alternatively, an opportunistic infection may manifest itself initially following immune reconstitution, and IRIS can occur in a previously uninfected organ (see case 1 in Figure 4A and B).
Immune reconstitution inflammatory syndrome occurs as a result of shift in dominant T helper (Th) response from one that restrains inflammation (Th2) to a proinflammatory pattern (Th1). 38 The resulting inflammatory, often granulomatous, systemic or meningeal reaction, can mimic infection or sarcoidosis. 39, 40 The CNS IRIS, a diagnosis of exclusion, should be considered in patients with previously diagnosed invasive fungal infections tuberculosis, toxoplasmosis, cryptococcosis, CMV, or PML, when the following 3 criteria are met:
1. New appearance of worsening of clinical or radiologic signs of inflammation. Signs can include contrastenhancing leptomeninges or masses, cerebrospinal fluid (CSF) pleocytosis, and physical signs of raised intracranial pressure (ICP; Figure 4C ); 2. symptoms occur during receipt of appropriate antimicrobial therapy without evidence of newly acquired infection; and 3. negative culture results and stable or improved biomarkers for the initial infection. 41, 42 In additional to the same IRIS-related problems seen in the HIV population, SOT recipients face the threat of transplant rejection in the presence of an overly aggressive host inflammatory response. In one analysis of kidney recipients, allografts were lost in 66% of patients with IRIS compared with 5.9% of those without IRIS. 43 Conversely, rejection, a state of heightened inflammatory response, may lead to IRIS in a patient who has a coexisting infection (case 1). When immunosuppression reduction is indicated in the setting of opportunistic infection, reduction in corticosteroids appears to be less risky than discontinuation of calcineurin-inhibitor agents. 32 Replacement of calcineurin inhibitors with mycophenolate may be associated with greater risk of rejection and graft loss. 42, 43 Similarly, the potency of antifungal regimen may be a risk factor for IRIS as in a reported example of cryptococcal IRIS after replacing fluconazole with voriconazole based on antimicrobial sensitivities. 44 Corticosteroids remain the most commonly used agents for treatment of active IRIS though there are no controlled studies for CNS-IRIS. 45 Under investigation as anti-inflammatory adjunctive therapy are both statins, which can inhibit proinflammatory cytokines, and tumor necrosis factor-alpha inhibitors which have some precedent as anti-rejection agents. [46] [47] [48] Posttransplantation Lymphoproliferative Disorder, Lymphoma, and Other Neoplasms Posttransplantation lymphoproliferative disorder (PTLD) is a spectrum of disorders from benign polyclonal lymphoid hyperplasia to malignant monoclonal B (60%-70%) and less often T-cell lymphoma. The PTLD usually involves abdomen, thorax, and solid organ allograft with infrequent CNS involvement. 49 Clinical syndromes associated with B-cell proliferative clones range from a benign mononucleosis-like picture to fulminant lymphoma with MRI usually demonstrating multiple contrast-enhancing mass lesions. 50 The risk of systemic lymphoma in the first year post kidney transplant is 20-fold higher than in the general population but 120-fold higher in heart transplant recipients. Still higher rates occur in small intestine and dual heart-lung transplant (LT) recipients. [51] [52] [53] The CNS lymphomas represent a small percentage of overall lymphoma but may be especially common after renal transplantation and in patients under 10 and over 60 years of age. The childhood risk is likely related to primary Epstein-Barr virus (EBV) infection in previously seronegative younger patients.
The PTLD results from EBV-induced proliferation of engrafted donor B lymphocytes because of T-cell suppression, but CNS PTLD can occur despite negative serum and spinal fluid EBV DNA PCR. 54, 55 The EBV-negative PTLDs more often occur later than 1 year after SOT. 56 Biopsy is sometimes necessary to distinguish lymphoma from other infections and when CSF cytology is uninformative immunoglobulin heavy chain gene rearrangement analysis may be helpful. 57 The mainstay of therapy is reduction of immunosuppression and cytotoxic chemotherapy and rituximab or methotrexate in more aggressive variants, while under development are approaches that involve preemptive management of EBV reactivation with donor-derived EBV-specific T cells. [58] [59] [60] The risk of other secondary malignancies is increased in organ transplant recipients due to reduced immune surveillance and also to activation of oncogenic viruses. Glioblastomas or oligodendrogliomas also have rarely been reported, as have rare cases of primary brain tumor transmission from organ donors to recipients.
61,62
Drug-related complications. Table 1 in part I of this review details the numerous toxicities of drugs necessary before and after SOT. Drug-related toxicities may cause or mimic any of the above problems including infection, PRES, and metabolic encephalopathy. In addition to the immunophilin ligands (the calcineurin binders cyclosporine and tacrolimus) or FKbinding protein ligands (sirolimus and everolimus), mycophenolate, and glucocorticoids, SOT recipients are treated with mono or polyclonal antibodies such as Muromonab-CD3 (Orthoclone OKT3, Janssen-Cilag, New Brunswick, NJ). Specific neurotoxicities due to OKT3 are lymphocytepredominant meningitis and a diffuse encephalopathy. 63 The numerous toxicities of tacrolimus include tremor, PRES, seizures, leukoencephalopathy, chronic inflammatory demyelinating polyneuropathy (CIDP), brachial plexitis, optic neuropathy, hearing loss, seizures, akinetic mutism, central pontine myelinolysis (CPM), and pseudotumor cerebri. 64 Toxicities are imperfectly correlated with drug level and can occur within the therapeutic range, after just a few doses, or several years after initiation of therapy. Bioavailability is variable because of active secretion of drug into the intestinal lumen by P-glyoprotein (PGP). This excretory mechanism is impaired by diarrhea such as that caused by Clostridium diffficile with destruction of colonic epithelial cells resulting in elevated trough tacrolimus levels 65, 66 (see case 2 in Figure 5 ).
Complications Specific to the Type of SOT Liver
Since its introduction more than 45 years ago, OLT has revolutionized the management of its 3 most common indications: Figure 5 . A multifactorial problem. These MRIs demonstrate the diagnostic complexity of a patient 2 years after liver transplant, who presented with diarrhea due to Clostridium difficile and then sudden paraplegia due to extensive transverse myelitis seen on sagittal (A) and axial (B) T2 MRI. The patient also had multiple DWI abnormalities on brain MRI (C) and evidence of intraventricular hemorrhage on gradient echo MRI (D). Tacrolimus level was high on presentation and the patient was found to have CMV in an acellular CSF. Acute myelopathy was ascribed to possible CMV-associated vasculitis, although linking all of the neuroimaging findings pathophysiologically remained difficult. There was no improvement in foscarnet and ganciclovir therapy and the patient ultimately succumbed to Klebsiella sepsis. FLAIR indicates fluid attenuated inversion recovery; MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging; CSF, cerebrospinal fluid; CMV, cytomegalovirus.
alcoholic cirrhosis, primary biliary cirrhosis/primary sclerosing cholangitis, and hepatitis B/C. 3 The OLT for neoplasia represents less than 5% of procedures but is used for cholangiocarcinoma, metastases, neuroendocrine tumors, and primary hepatocellular cancers. 67 Acute liver failure due to acetaminophen overdose adds another group of critically ill patients. Reported incidence of complications varies widely from 4% to 70% depending on whether living and cadaveric donors are included or fulminant hepatitis is excluded from analysis. Common complications are hyperammonemic encephalopathy, raised ICP, seizures, stroke (either ischemic or hemorrhagic in the setting of coagulopathy), headache, tremor, osmotic demyelination, and PRES. 68 Patients receiving living donor transplants have lower neurological complication rates than those receiving a cadaveric graft and patients who have pretransplant hepatic encephalopathy are at higher risk for postoperative neurological complications. 69 Peak pretransplant serum bilirubin levels and low serum cholesterol helped to predict postoperative neurological transplantations in a large multicenter series that also reported doubling of mortality in patients who sustained neurological complications. In this series, the most recent reported, stroke was the most common OLT complication within the first 30 days. 70 Several important situations associated with OLT may require input from neurologic consultants:
Hepatic myelopathy (HM). The neurologist's role in liver
transplantation management may begin before transplantation with assessment of evolving neurological problems that can impact timing of liver transplantation and that will require postoperative management. Hepatic myelopathy is an underrecognized condition of progressive spastic paraparesis in the setting of cirrhosis or portosystemic shunting. While it is not a complication of transplantation, its inclusion here is appropriate because outcomes of patients who have undergone transplantation for HM are encouraging. At present, HM is not recognized as a model for endstage liver disease (MELD) exception for transplatnation, but Caldwell and colleagues recently reported one case from Yale and 15 additional cases from the literature. After OLT there was marked improvement in HM. 71 Thus, the neurologist may be instrumental in submitting an appeal for an MELD upgrade. 2. Cerebral edema and intracranial hypertension. Elevated ICP occurs in roughly 90% of patients with grade III/IV encephalopathy. 72 Medical therapy for intracranial hypertension includes osmotherapy with mannitol or hypertonic saline, control of agitation with midazolam, dexmetetomidine, fentanyl or propofol, and neuromuscular blocking agents. For patients requiring hemodialysis, another way to alleviate ICP is by using hypertonic saline as replacement fluid to adjust serum sodium levels. 72 Therapeutic hypothermia has been used to treat medically refractory intracranial hypertension preoperatively and intraoperatively 73, 74 Hypothermic treatment of refractory postoperative ICP is more problematic and less clearly effective, as in the postoperative setting, detrimental effects of hypothermia include increased infection risks (CMV), blood loss, cardiac arrhythmias, and exacerbation of coagulopathy. 75 Head computed tomography (CT) is an insensitive measure of cerebral edema, and ICP monitoring is the sole definitive way of diagnosing elevated ICP. Some investigators feel that continuous ICP monitoring and a protocolized response to elevated ICP can improve neurological outcomes. 76 However, the downside of ICP monitoring is the risk of intracranial hemorrhage and intraventricular monitor placement is not advised for this reason. Adequate reversal of coagulopathy before placement of any device in liver failure patients requires attention to multiple coagulation deficits. Blood products required can include any or all of the following: prothromobin complex concentrates (PCCs), vitamin K, cryoprecipitate, and platelet transfusion. 72 Debate continues as to whether maintenance of coagulopathy correction is necessary during the entire time the monitor is in place or only during device insertion. 76 Fiberoptic intraparenchymal monitors, associated with the less than 20% risk of hemorrhagic complications that many clinicians consider acceptable, are the most frequently used ICP devices in many institutions. 77, 78 An alternative noninvasive method is the pulsatility index measured by transcranial Doppler, which correlates well with ICP fluctuations. 79 However, transcranial Doppler does not provide direct or continuous measurement of ICP and some investigators feel that it is suboptimally sensitive. 80 3. Osmotic demyelination, also known as CPM, presents with variable arousal impairment including coma, pseudobulbar affect, and/or cranial nerve palsies. It occurs more often in OLT recipients than in other SOT due to large volume losses and replacements with rapid correction of hyponatremia ( Figure 6A ). Osmotic demyelination may be extra-pontine as shown in Figure 6B and, thus, is a more accurate term than CPM. Importantly, in the presence of a brain stem syndrome, the consultant also should be wary of PRES, Listeria rhombencephalitis, and, most critically, Wernicke encephalopathy in these often poorly nourished patients. The MRI of Wernicke encephalopathy may be normal or show changes in medial thalami, inferior colliculi, mammillary bodies and in periaqueductal gray. 81 Impaired or absent verbal and motor responsiveness in the absence of electrolyte abnormalities or seizures also has been reported in OLT recipients and should be considered in the differential of CPM. Drugs associated with the syndrome are tacrolimus, cyclosporine, OKT3, and amphotericin. [82] [83] [84] [85] [86] 4. Seizures occur in at least 30% of fulminant liver failure patients and may complicate the postoperative OLT period 72 . The diverse seizure etiologies include hypoglycemia, hyponatremia, uremia, calcineurin inhibitors, PRES, intracranial hemorrhage, mitochondrial dysfunction due to acute hyperammonemia, and the acute g-aminobutyric acid (GABA)ergic withdrawal state associated with the posttransplantation period. 87 Distinguishing transient metabolic or drug-related seizures, particularly those due to tacrolimus or cyclosporine (see Table I in the first part of this review), from PRES, vascular or infectious etiologies often requires neuroimaging and at times lumbar puncture. Tacrolimus or cyclosporine levels should be checked, though seizures can occur with therapeutic levels. Electroencephalogram (EEG) plays a useful role in several settings to (a) differentiate clinically ambiguous tremor and myoclonus from ictal activity, (b) disclose nonconvusive seizures; or (c) reveal triphasic waves indicative of metabolic encephalopathy. Since many patients may have subclinical seizure activity, long-term continuous monitoring is recommended for all grade III/IV hepatic encephalopathy and suboptimally responsive transplant patients to detect treatable seizures. 88, 89 Electrically documented seizure activity should be treated. Levetiracetam has been suggested as a drug that can be loaded rapidly and that does not induce hepatic enzymes that can alter immunosuppressant levels. 90 5. Hearing loss. New hearing impairment posttransplantation was reported by 27% of OLT patients surveyed by questionnaire in a single-center German study. In almost half of the patients hearing impairment began within 2 years of OLT and was positively associated with tacrolimus use. The authors invoke possible tacrolimus vascular or neurotoxicity and note that switching immunosuppressants may help improve hearing. 91 Also reported is sudden hearing loss and tinnitus associated with a normal tacrolimus blood level with rapid improvement after discontinuation of tacrolimus. 92 
Kidney
Common indications for renal transplantation include kidney failure due to diabetes, glomerulonephritis, hypertension, polycystic kidney disease, and cancer therapy-related nephrotoxicity, each of which poses potential neurological problems independent of the transplantation procedure. 3 While hypertension-related stroke is a frequent peritransplant problem as it is with other SOT procedures, neurological complications specific to renal transplantation include potential femoral or lumbosacral plexus nerve injury, hypertension-related stroke, and uremic encephalopathy. While the risk of systemic lymphoma in renal transplant recipients is lower than that in other SOT, when lymphoma does occur, CNS involvement appears to be higher. 53 The risk of melanoma is roughly 3.6 times that of general population, with the highest risk in patients who experienced at least one acute rejection episode. 93 The high risk of CNS metastases with this primary tumor should prompt biopsy of suspicious skin lesions.
A particular concern with renal insufficiency is the syndrome of nephrogenic systemic fibrosis (NSF) following administration of gadolinium-based contrast agents (GBCAs). This progressive infiltration of skin and other organs by a fibrotic process has been reported to occur with a mean interval of 29 days after GBCA use, with most cases occurring between 2 and 3 months after exposure. However, there is a very wide range (4-112 days). 94 The incidence of NSF has been reduced dramatically by the institution of guidelines restricting GBCA use (without planned postcontrast dialysis) to patients with glomerular filtration rate exceeding 30 mL/min. 95 However, the wide range of time interval after GBCA means that a patient could present with the problem well after the postoperative period as illustrated by a recent report of a renal transplant patient who had also received high doses of erythropoietin and had last received GBCA 8 months previously. 96 
Heart
Neurological complications in heart transplant patients often reflect prior cardiovascular and CNS status. Ischemic stroke is the most common serious neurological complication after heart transplantation occurring in up to 10% of patients. 97 Intracranial hemorrhage is less common. Since the incidence of PRES is as high as 6% in SOT recipients and since PRES can be complicated by status epilepticus or by hemorrhage, it must be distinguished by diffusion weighted imaging, apparent diffusion coefficient sequences, and/or perfusion MRI sequences from other causes of stroke in this population. [98] [99] [100] Among SOT recipients, heart transplant patients have the highest incidence of toxoplasmosis, as the parasitic cysts can be found in myocardium. 97 This infection usually occurs within 3 months after transplantation, and CNS involvement is common. The MRI typically shows multiple ringenhancing lesions. Demonstration of the parasite in blood provides additional diagnostic support as does response to pyrimethamine/sulfadiazine. Failure to respond rapidly to antimicrobial therapy leads to consideration of other causes of multifocal mass lesions such as lymphoma.
Lung
The LT recipients have the highest mortality rates of all SOT recipients, rates that are further increased in nearly one-third of such patients who experience a serious neurological complication. 101 The most common pulmonary indications for transplantation are chronic obstructive pulmonary disease, alpha-1 antitrypsin deficiency, and primary pulmonary hypertension. 3 In the largest series to date from the Mayo Clinic, the most frequent reasons for in-hospital neurologic consultation were perioperative stroke, severe multifactorial encephalopathy, and critical illness polyneuropathy, or myopathy. In this series, LT patients also experienced disorders specific to LT that placed them at risk for neurologic complications. 101 For example, LT patients who required intensive immunosuppressive treatment with anti-B cell rituximab therapy for the humorally mediated lung rejection syndrome capillaritis were at risk for unusually severe courses of WNV infection with neuroinvasive disease. 102 
Intestinal and Multivisceral Transplantation
Indications for intestinal transplantation include short-bowl syndrome caused by mesenteric thrombosis or by prior resections for Crohn disease or neoplasm. 3 Malnutrition, metabolic derangements after prolonged total parenteral nutrition, and hepatic dysfunction often accompany these conditions. Radiation therapy for prior neoplasm may complicate abdominal wound healing. All these issues may contribute to a rate of neurological complications postoperatively that exceeds that of liver and heart transplant patients. Heavy immune suppression is required to suppress intestinal rejection, putting patients at risk for early invasive fungal infections such as Aspergillus and leading to a heavy intestinal bacterial load. Rejection and sepsis are closely linked as rejection-associated intestinal barrier damage may cause sepsis from bacterial translocation. 103 The Evolving Spectrum of Late Sequelae of SOT With 1-year survival now exceeding 80% in all types of SOT and 5-year survival over 50%, the hospitalist is increasingly confronted with patients long removed from the initial procedure but also immunologically altered for prolonged periods. 32 Novel differential diagnostic dilemmas are posed by SOT patients who remain at risk for infection, particularly invasive fungal infection. [104] [105] [106] The complex balance of immune modulatory medical regimens of SOT recipients leads to unusual situations such as the recently described case of autoimmune anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis developing in a renal transplant patient while the patient was receiving mycophenolate and tacrolimus. 107 Immunological sequelae of altered suppressive or antibiotic regimens may put the transplanted organ at risk. 36, 37 As patients resume their normal lives including travel and zoonotic exposures, the diagnostic acumen of the hospitalist will have to expand to adapt to emerging infections. Figure 4 shows progressive communicating hydrocephalus on MRI in an OLT patient whose CSF formula suggested infection, lymphoma, or sarcoidosis, all possible diagnoses in a patient more than 1 year after OLT with recurrent hepatitis C. One would expect increased virulence of an infectious pathogen in a heavily immunocompromised patient. In fact, this was an exceedingly indolent presentation of cryptococcosis evolving over several months and emerging as meningitis only in the context of the heightened inflammation of organ rejection. Figure 5 illustrates another OLT patient, also more than 1 year after LT, with an elevated tacrolimus level on admission with associated Clostridium difficile diarrhea. The patient experienced acute transverse myelitis and an acute disseminated encephalomyelitis (ADEM)-like picture with cerebral and intraventricular hemorrhage. The initial consideration was that all the clinical symptoms fit with tacrolimus toxicity. However, the patient had a positive CSF PCR for CMV. The interplay of tacrolimus and the potential reactivation of CMV as the cause for this ultimately fatal syndrome remains poorly understood but underscores the need to search for multifactorial etiologies.
Conclusions
Costly transplantation procedures have produced many sustained remissions offering the best chance for cure for many patients. However, long-term consequences include an increased risk of secondary malignancy, cognitive and psychosocial issues, vascular problems, and endocrine abnormalities. Future studies will determine the least toxic regimens for specific conditions to reduce the severity and incidence of potentially devastating neurological complications. Better treatments for specific infections like PML are needed. Even more crucial are fundamental developments like bioengineering of embryonic stem cells that might altogether eliminate the need for human leucocyte antigen (HLA) typing and preparative therapy and, it could be hoped, might greatly reduce both systemic and neurological morbidity and mortality associated with transplantation. Until then, the hospitalist can make a significant contribution by striking preemptively to anticipate infections and reacting expeditiously to minimize adverse consequences of neurological complications while advising on a host of acronymic complications (PRES, drug reaction (or rash) with eosinophilia and systemic symptoms, IRIS, PML, graft versus host disease, posttransplant acute limbic encephalitis, PTLD, to name but a few), thereby improving both survival and quality of life for these vulnerable patients.
